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(54) Constant velocity joint 

(57) A constant velocity joint (1 0) Includes a rotata- 
ble wheel hub (12) for mounting a wheel of a vehicle 
(20) which serves as the outer race of the joint (1 0). The 
hub (1 2) is formed with a through bore (36) that includes 
a part spherical surface at an inboard end (1 6) of the 
hub (1 2). An inner joint is installed through the open out- 
board end (14) and is formed with a plurality of ball 
grooves (48, 50) whose centers are offset with respect 
to the center of the joint (10), forcing balls (52) within 
the grooves (48, 50) toward the installation end of the 
hub (12). A ball retainer device (54) is disposed in the 
wheel hub bore (36) to retain the balls (52) and seal the 
joint (10). 
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Description 

BACKGROUND OF THE INVENTION 
1 Technical Field 

[0001] This invention relates generally to constant ve- 
locity joints and nnore particularly to those integrated 
with a wheel hub used for mounting a rotatabte wheel 
of a vehicle. 

2. Related Art 

[0002] It has been proposed in the prior art to integrate 
a constant velocity joint of a wheel end assennbly with 
the wheel hub of a vehicle, in which case the wheel hub 
serves as the outer race of the joint. Examples include 
U.S. Patents 4,372,628; 4,421,197; and 4,880,281. In 
each case, the inner race is installed within the inboard 
end of the wheel hub opposite the flanged end on which 
the wheel is mounted, and the torque-transmitting balls 
disposed in the aligned grooves between the wheel hub 
and inner race are maintained in a common plane by an 
intervening ball cage between the inner race and hub. 
Such assemblies present a rather complex joint config- 
uration that is costly to manufacture and difficult to as- 
semble. 

[0003] A constant velocity joint constructed according 
to the present invention simplifies the construction and 
assembly of such integrated wheel joint assemblies. 

SUMMARY OF THE INVENTION AND ADVANTAGES 

[0004] A constant velocity joint for a vehicle according 
to one aspect of the invention comprises a wheel hub 
which serves as an outer race of the joint which is 
equipped with wheel mounting structure adjacent a first 
of its ends that is configured to mount a wheel of a ve- 
hicle. The wheel hub has an outer circumferentially ex- 
tending bearing surface configured to support bearing 
balls for rotation of the wheel hub about Its longitudinal 
axis relative to support structure of the vehicle. The 
wheel hub has a longitudinal bore disposed about the 
axis and including a part spherical surface adjacent an 
opposite second end of the wheel hub. An inner race is 
disposed within the bore of the wheel hub and has a part 
spherical outer surface directly engaging the part spher- 
ical surface of the bore and defining a joint center point 
of the joint about which the wheel hub articulates relative 
to the inner race. The part spherical surface of the bore 
extends toward the first end of the wheel hub no further 
than a plane perpendicular to the longitudinal axis of the 
bore containing the center point of the joint. The wheel 
hub and inner race include a plurality of axially extending 
aligned ball grooves and a torque-transmitting ball in 
each of the grooves for transmitting torque while pemriit- 
ting relative articulation between the wheel hub and in- 
ner race. The grooves of the wheel hub have an asso- 



ciated groove center which is offset axially from the cent- 
er point on one axial side thereof, and the grooves of 
the inner race have an associated groove center which 
is offset axially from the center point on the opposite ax- 

5 iai side thereof, such that the balls are forced axially un- 
derload toward the first end of the wheel hub. The joint 
includes the ball retainer device which is disposed within 
the bore between the balls and first end of the wheel 
hub which applies a constant bias load to the balls to- 

10 ward the second end maintaining the balls within the 
grooves in a common ball plane during articulation of 
the joint. 

[0005] The invention has the advantage of simplifying 
the construction and assembly of constant velocity joints 

IS integrated with the wheel hub of a vehicle. 

[0006] The simplified construction includes the direct 
engagement of the part spherical outer surface of the 
inner race with the part spherical wall surface of the bore 
eliminates the intervening ball cage associated with the 

20 known prior art constructions. 

[0007] The provision of the internal ball retainer de- 
vice in lieu of the normal ball cage reduces the radial 
size of the joint as compared to known prior art devices 
and facilitates the assembly of the inner components 

25 through the outboard first end of the wheel hub, rather 
than having to manipulate the various components for 
installation through the inboard second end as with the 
known prior art. 

[0008] According to further aspect of the invention, 
30 such a joint is easily assembled by simply installing the 
inner race and balls within the second end, where the 
part spherical surfaces engage and the balls are dis- 
posed in the ball grooves between the inner race and 
wheel hub. after which a ball retainer device is installed 
35 in the second end to retain the inner race and balls within 
the wheel hub. This simplified assembly process may 
be performed by hand or partially or fully automated, 
thereby simplifying the manufacturing process and re- 
ducing the cost of making such integrated wheel joint 
40 assemblies. 

THE DRAWINGS 

[0009] These and other features and advantages of 
^5 the present invention will become more readily appreci- 
ated when considered in connection with the following 
detailed description and appended drawings, wherein: 

Figure 1 is a fragmentary sectional view of a wheel 
so joint assembly constructed according to a presently 
preferred embodiment of the invention; and 
Figure 2 is an enlarged, fragmentary sectional view 
showing a portion of the joint. 



[001 0] A constant velocity joint constructed according 
to a presently preferred embodiment of the invention is 



so joint assembly construe 
preferred embodiment 

Figure 2 Is an enlarged 
showing a portion of th 
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shown generally at 1 0 in Figure 1 and comprises a wheel 
hub 12 extending along a longitudinal axis L between a 
first outboard end 1 4 and a second Inboard end 1 6. The 
wheel hub 1 2 has wheel mounting structure 1 8 adjacent 
the outboard end 14 which is configured, preferably in 
the form of a flange, to accommodate the mounting of 
a vehicle wheel 20 for rotation with the wheel hub 12 
relative to support structure 22 of the vehicle. 
[0011] As illustrated, the wheel mounting structure 18 
may include threaded wheel studs 24 arranged in a pat- 
tern matching a pattern of openings 26 in the wheel 20 
for piloting the wheel 20 onto the studs 24 after which 
they may be secured in the usual manner by lug nuts 
28, or the like. It will be appreciated that the manner by 
which the wheel mounts to the hub 12 may be practiced 
in any of a number of ways which will not affect the op- 
eration of the invention. Accordingly, any mounting sys- 
tem which results in the wheel 20 being secured to the 
wheel hub 12 Is contemplated within the scope of the 
invention and incorporated herein by reference. 
[0012] The wheel hub 12 is fonned with a circumfer- 
entiaily extending outer bearing surface 30 which is con- 
figured to support bearing balls 32 which act between it 
and an associated outer bearing surface 34 of the sup- 
port structure 22 for supporting the wheel hub 1 2 for ro- 
tation relative to the stationary support structure 22, 
such as the chassis of the vehicle. In other words, the 
wheel hub 12 and thus the wheel 20, is supported for 
rotation about the longitudinal axis L preferably, but not 
necessarily, by means of the bearing balls supported by 
the bearing surface of the wheel hub and surrounding 
stationary support structure of the vehicle. Other rota- 
tional support which cooperates with the bearing sur- 
face 30 of the wheel hub 12 for supporting the wheel 
hub 1 2 for rotation about its axis L is contemplated within 
the scope of the invention and incorporated herein by 
reference. 

[0013] The wheel hub 1 2 is formed with a central bore 
36 which preferably extends completely through the 
wheel hub 1 2 between the first end 1 4 and opposite sec- 
ond end 16. The size of the opening of the bore 36 at 
the first end 1 4 is preferably larger than the size of the 
opening of the bore 36 at the second end 1 6. The bore 
36 at the second end 1 6 is f omied with a part spherical 
engaging surface 38 which extends from the second 
end 16 toward the first end 14 in a widening fashion, 
such that the surface 38 is smallest in diameter at the 
second end 16 and widens axially toward the first end 
14. 

[0014] An inner race 40 of the joint 10 is disposed 
within the bore 36 of the wheel hub 12 and has a part 
spherical surface 42 which is disposed in direct, con- 
tacting engagement with the part spherical surface 38 
of the wheel hub 12. When so engaged, the surfaces 
38,42 of the wheel hub 12 and Inner race 40 define a 
center point P of the joint 10 about which the wheel hub 
12 can articulate or angulate in all directions relative to 
the inner race 40. The inner race 40 is fixed on a shaft 



44 which extends from the inner race 40 outwardly of 
the hub 12 through its second end 16. The shaft 44 may 
be f omied as one piece with the inner race 40, or formed 
separately from the race 40 and joined thereto such as 
5 by a splined connection and retainer ring 46, as sche- 
matically shown in Figure 1. 

[0015] It will be apparent from Figure 2 that there is 
direct contact between the inner race 40 and wheel hub 
12 via engagement of their part spherical surfaces 

10 42,38, respectively. It will be seen also that the part 
spherical surface 38 of the wheel hub 12 extends toward 
the first end 14 no further than a center plane PL drawn 
perpendicular to the axis L of the wheel hub 1 2 passing 
through the center point P of the joint 10. Beyond the 

15 plane PL toward the first end 1 4, the part spherical sur- 
face 38 transitions into a substantially cylindrical surface 
portion 39 which is equal in diameter to the largest di- 
mension of the past spherical surface 38 of the center 
plane PL, As will be apparent below, this arrangement 

20 of the surfaces facilitates simple manufacture and as- 
sembly of the components of the joint 10. Accordingly, 
the diameter of the bore 36 between the plane PL and 
the first end 14 is no smaller than the diameter of the 
bore 36 in the plane PL. 

25 [001 6] The wheel hub 1 2 and Inner race 40 are formed 
with a plurality of circumferentially spaced, radially 
aligned, axially extending ball grooves 48,50 in each 
aligned pair of which is disposed a torque-transmitting 
ball 52. The ball grooves 50 of the inner race 40 have a 

30 convex curvature with an associated ball groove center 
point A which Is offset axially from the joint center point 
P along the axis L by a fixed distance, and the bait 
grooves 48 of the wheel hub 12 are concavely curved 
and have an associated groove center B which is offset 

35 from the joint center point P on the opposite axial side 
as that of the inner race groove center A so as to main- 
tain constant velocity of the joint through all joint angles. 
This offset arrangement of the ball grooves 48,50 has 
the further effect of forcing the balls underload axially 

40 toward the first end 14of the wheel hub 12, andthusout 
of retained capture by the ball groove sets 48,50. This 
offset arrangement coupled with the part spherical sur- 
face 38 of the wheel hub 12 at the second end 16 pre- 
cludes the inner race 40 and balls 52 from escaping the 

45 confines of the wheel hub 12 to the second end 16. 
[0017] The balls 52 are held in their grooves 48,50 by 
means of a ball retainer device 54 disposed within the 
bore 36 of the wheel hub 12 between the balls 52 and 
the first end 1 4. The ball retainer device 54 acts to apply 

50 a constant bias load to the balls toward the second end 
16 so as to maintain the balls 52 within the grooves in 
a common ball plane (coincident with PL at zero joint 
angle as shown in Figure 1 ). The ball retainer device 54 
is installable Into the bore 36 through the first end 14, 

55 as is the inner race 40 and balls 52. The ball retainer 
device 54 preferably includes a ball keeper or partial 
cage 56 having preferably a generally dome-shaped 
configuration with a convex and preferably part spheri- 
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cai shaped outer bearing surface 58 spaced axially out- 
wardly of the Inner race 40 and temninal end 60 of the 
inner race shaft 44, and includes a plurality (at least 3 
and preferably 6) ball-engaging portions or fingers 62 
which extend into the ball grooves 48,50 of the wheel 
hub 12 and inner race 40 and engage each of the balls 
52 (which are at least 3 and preferably 6 in number). It 
will be appreciated that any number of balls equal to 3 
or greater could be utilized according to the present in- 
vention and are contemplated herein. 
[0018] The ball retainer device 54 further Includes a 
spring retainer 64 which is formed separately from the 
ball keeper 56 and acts on the ball keeper 56 to urge It 
constantly into engagement with the balls 52 during all 
angles of the joint. The spring retainer 64 preferably in- 
cludes a plug 66 disposed within the bore 36 of the 
wheel hub 12 between the ball keeper 56 and the first 
end 14. The plug 66 has a radially outer wall or flange 
68 which conforms closely to the wall of the bore 36 and 
further is preferably solid across its expanse so as to 
close off the bore 36 on the first end side 1 4 of the wheel 
hub 12 for retaining grease or other lubricant within the 
joint 1 0. The plug 66 is formed with a seat 70 which en- 
gages the outer bearing surface 58 of the ball keeper 
56. The plug 66 Is urged by a compression spring 72, 
or the like, acting between the flange 68 and a retainer 
ring or other structure of the wheel hub 1 2, to constantly 
bias the plug 66 axially toward the ball keeper 56, which 
in turn forces the ball keeper 56 into constant contact 
with the balls 52. As the joint 10 angulates and the balls 
52 are caused to move in their ball grooves 48,50, the 
ball keeper 56 moves with the changing angle of the ball 
plane PL by means of articulated support between the 
outer bearing surface 58 and the seat 70, preferably 
about a center point common with the center point P of 
the joint center. In this way, the balls are able to roll in 
their grooves 48,50 to accommodate joint angulation, 
while remaining within their grooves against the con- 
stant ejecting force caused by the offset groove centers 
which is counteracted by the opposing retaining force of 
the ball retaining device 54. 

[0019] To manufacture and assemble such a joint, the 
wheel hub 12 is formed as described with the central 
open bore 36 having the part spherical surface 38 adja- 
cent the second end 1 6 whteh does not pass beyond the 
center point P. The Inner race 40 is Installed In the open 
first end 1 4 and moved toward the second end 1 6, bring- 
ing the complimenting part spherk:al surfaces 42,38, re- 
spectively, into direct supporting contact to establish the 
center point P. The balls 52 are loaded into their respec- 
tive aligned ball grooves 48, 50 through the open first 
end 14 with the inner race 40 at zero joint angle by sim- 
ply dropping them into place. The ball retainer device 
54 is then installed through the first end by first dropping 
the ball keeper 56 into place against the balls 52 and 
then installing and retaining the plug 66 by means of the 
spring 72 and retainer 74. The second end 1 6 of the hub 
1 2 may be sealed by a conventional boot seat or the like. 



[0020] Obviously, many modifications and variations 
of the present Invention are possible in light of the above 
teachings. It is, therefore, to be understood that within 
the scope of the appended claims, the invention may be 
5 practiced otherwise than as specifically described. The 
invention is defined by the claims. 

Claims 

10 

1 . A constant velocity joint (1 0) for a vehicle, compris- 
ing: 

a wheel hub (1 2) serving as an outer race of 
15 said joint (10), said wheel hub (12) having 

wheel mounting structure (18) adjacent a first 
end (14) of said wheel hub (12) configured to 
mount a wheel of the vehicle (20) and having 
an axially opposite second end (16) spaced 
20 from said first end (1 4) about a longitudinal axis 

(L) of said wheel hub (12); said wheel hub (12) 
having an outer circumferentlally extending 
bearing surface (30) configured to support said 
wheel hub (12) for rotation about said longitu- 
25 dinal axis (L) relative to support stnjcture (22) 

of said vehicle; 

said wheel hub (12) having a longitudinal bore 
(36) disposed about said longitudinal axis (L), 
said bore (36) including a part spherical surface 

30 adjacent said second end (1 6); 

an inner race (40) disposed within said bore 
(36) of said wheel hub (12). said inner race (40) 
having a part spherical outer surface (42) di- 
rectly engaging said part spherical surface (38) 

35 of said bore (36) and defining a center point (P) 

of said joint (10) about which said wheel hub 
(12) articulates relative to said inner race (40); 
said part spherical surface (38) of said bore (36) 
extending toward said first end (14) of said 

40 wheel hub (1 2) no further than a plane perpen- 

dicular to said longitudinal axis (L) of said bore 
(36) containing said center point (P) of said joint 
(10); 

said wheel hub (12) and inner race (40) Includ- 
45 ing a plurality of axially extending aligned ball 

grooves (48, 50) and a torque-transmitting ball 
(52) In each of said ball grooves (48, 50) for 
transmitting torque while permitting relative ar- 
ticulation between said wheel hub (1 2) and said 
50 inner race (40), said grooves (48, 50) of said 

wheel hub (12) having an associated groove 
center (B) offset axially from said center point 
(A) on one axial side thereof and said grooves 
(48, 50) of said inner race (40) having an asso- 
55 ciated groove center (B) offset axially from said 

center point (P) on the opposite axial side 
thereof such that said balls (52) are forced ax- 
ially underload toward said first end (14) of said 
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wheel hub (12); and 

a ball retainer device (54) disposed within said 
bore (36) of said wheel hub (12) between said 
balls (52) and said first end (1 4) of said wheel 
hub (12), said ball retainer device (54) applying 5 
a constant bias load to said balls (52) toward 
said second end (1 6) nnaintaining end balls (52) 
within said grooves (48, 50) in a common ball 
plane during articulation of said joint (10). 

10 

2. The joint (10) of claim 1 wherein said ball retainer 
device (54) is installable Into said bore (36) of said 
wheel hub (12) through said first end (14) thereof. 

3. The joint (10) of claim 2 wherein said bore (36) of 
said wheel hub (12) is open to said first end (14). 

4. The joint (1 0) of claim 3 wherein said inner race (40) 
is installable in said bore (36) through said first end 
(14) of said wheel hub (12). 

5. The joint (1 0) of claim 1 wherein said ball retainer 
device (54) includes a ball keeper (56) disposed in 
said bore (36) of said wheel hub (12). 

25 

6. The joint (1 0) of claim 5 wherein said ball retainer 

(54) includes a spring retainer (64) disposed in said 
bore (36) and acting between said wheel hub (12) 
and said ball keeper (56) to urge said ball keeper 
(56) constantly axially toward said second end (16) so 
into constant engagement with said balls (52) to 
maintain said balls (52) within said ball grooves (48, 
50) in said common ball plane during said articula- 
tion of said joint (10). 

35 

7. The joint (1 0) of claim 6 wherein said spring retainer 
(64) includes a plug (66) slideably disposed in said 
bore (36) of said wheel hub (12) adjacent said ball 
keeper (56). 

40 

8. The joint (1 0) of claim 7 wherein said spring retainer 
(64) includes a spring acting between said wheel 
hub (12) and said plug (66) to urge said plug (66) 
constantly toward said second end (16) into en- 
gagement with said ball keeper (56). 45 

9. The joint (10) of claim 7 wherein said plug (66) in- 
cludes a seat (70) spaced axially from said inner 
race (40) toward said first end (14) of said wheel 
hub (12), said ball keeper (56) including a mating so 
convex seat (70) engaging said seat (70) of said 
plug (66) to support said ball keeper (56) for articu- 
lated movement relative to said plug (66). 

10. The joint (1 0) of claim 7 wherein said plug (66) de- 55 

fines a grease seal. 

1 1 . A constant velocity joint (1 0) for a vehicle, compris- 



a wheel hub (12) serving as an outer race of 
said joint (10). said wheel hub (12) having 
wheel mounting structure (18) adjacent a first 
end (14) of said wheel hub (12) configured to 
mount a wheel of the vehicle (20) and having 
an axially opposite second end (16) spaced 
from said first end (14) about a longitudinal axis 
(L) of said wheel hub (12); said wheel hub (12) 
supported for rotation about said longitudinal 
axis (L); 

said wheel hub (12) having a longitudinal bore 
(36) disposed about said longitudinal axis (L), 
said bore (36) Including a part spherical surface 
adjacent said second end (16); 
an inner race (40) disposed within said bore 
(36) of said wheel hub (12), said Inner race (40) 
having a part spherical outer surface (42) di- 
rectly engaging said part spherical surface (38) 
of said bore (36) and defining a joint center 
point (P) of said joint (10) about which said 
wheel hub (12) articulates relative to said inner 
race (40); and 

said wheel hub (12) and said inner race (40) 
including a plurality of axially extending aligned 
bail grooves (48, 50) and a torque-transmitting 
ball (52) in each of said ball grooves (48, 50) 
for transmitting torque while permitting relative 
articulation between said wheel hub (12) and 
said inner race (40), said grooves (48, 50) of 
said wheel hub (12) having an associated 
groove center (B) offset axially from said center 
point (A) on one axial side thereof and said 
grooves (40, 50) of said inner race (40) having 
an associated groove center (B) offset axially 
from said center point (A) on the opposite axial 
side thereof. 

12. A method of making a constant velocity joint (10), 
comprising: 

fabricating a wheel hub (12) with an axial bore 
(36) extending between first and second ends 
(14, 16) of the hub (12); 
providing the first end (14) with wheel mounting 
structure (1 8) configured to mount a wheel of a 
vehicle (20); 

fabricating the bore (36) to include a part spher- 
ical surface adjacent the second end (16); 
installing an inner race (40) and a plurality of 
torque transmitting balls (52) into the second 
end (16) and moving them along the bore (36) 
to bring an outer part spherical surface of the 
inner race (40) into engagement with the part 
spherical surface of the wheel hub (12), and 
with the balls (52) arranged in aligned ball 
grooves (48, 50) of the inner race (40) and 
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installing a ball retainer device 
ond end (1 6) of the wheel hub 
inner race (40) and baits (52) 
hub (12). 
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